Abstract. The project "Italian Map of Nature" (IMN) is dedicated to create an electronic map (GIS) of the environmental state (quality and vulnerability) of the Italian territory at different scales. Up to now the GIS of IMN is offering maps at a scale 1:50,000. The environmental quality is estimated on the basis of biological description of habitats that can be mapped at this scale, the vulnerability on the basis of variables related to the anthropogenic pressure. In this paper I want to show that the information collected for creating the data base of habitats for mapping purposes may be useful for getting information related to the climatic niche width of the species considered habitat indicators. In this paper I consider the heath species characterizing the IMN habitats of Italy in order to get an indirect estimation of the climatic vulnerability of Italian heathlands. To measure the climatic niche width of the species I propose a formula that combines the number of habitats (they characterize) with the heterogeneity of the habitats according to their distribution in altitudinal belts and in biogeographic regions. The results offer parameters on which to base a discussion for policy conservation of heaths and heathlands in Italy under the perspective of climate change.
Introduction
The convention of biodiversity conservation (CBC) suggests to address nature conservation towards a biosphere assessment that allows natural ecological processes such as evolutionary processes, including extinction and speciation to continue. The project of Italian Map of Nature (IMN) as described by Amadei et al. (2003 Amadei et al. ( , 2004 , is working according to this suggestion by assuming that the role of protected areas (PAs) must be complemented by sound stewardship across the entire territory in which they have been established in order to avoid their "isolation" (see the report of Oilwatch & World Rainforest Movement of 2004, Protected areas. Protected against whom?) ( Anonymous 2004) . IMN is thus producing maps of environmental quality and vulnerability for all the Italian territory, at different scales, in line also with the concept of "Climate Change-integrated Conservation Strategies" introduced by Hannah et al. (2002) . This concept is stressing that PAs management should be integrated with the "matrix" surrounding the PAs.
The IMN project, supported by a GIS technology, has created an open data base of the habitats of Italy that can be mapped at scale 1:50,000. Mapping at scale 1:250,000 and 1:10,000 are in progress (Amadei et al. 2003 (Amadei et al. , 2004 . The habitats are identified on the basis of CORINE (Anonymous 1991) and/or EUNIS (Davies & Moss 2002) projects of the European Union (see Blasi & Biondi 2009 for a recent handbook of Italian habitats). In the IMN project, the habitats are described by several biological characters (indicator species of flora and fauna, vegetation structure and Heath species and heathlands of Italy: an analysis of their relationships under the perspective of climate change based on the description of habitats used for the project "Carta della Natura"
(Italian Map of Nature) syntaxonomy, endemism, etc.) , by environmental characters related to soil, climate and by their geographical diffusion in Italy and outside Italy. Discussion about the choice of codes and the characters used for the habitat description in IMN is given by Amadei et al. (2004) . In this paper I want to show that the information colleted for IMN could be useful for getting new information. In particular I want to show how it can be used to get a rough estimation of the climatic niche width of the species that could be useful for supporting policies of nature conservation. In this respect I agree with Huntley (2007) view: "…Strategies for the conservation of biodiversity in this world of rapid climatic change thus must focus upon the conservation of species, and of their inherent genetic variance, rather than upon the conservation of the communities or ecosystems that they form in any given region under present climatic conditions. Maintaining and, wherever possible, enlarging and augmenting, the existing network of protected areas will be a key part of any strategy for the conservation of biodiversity in a world of climatic change. Although many protected areas may experience substantial changes in the complement of species present, and in the communities and ecosystems that these species form, they nonetheless will provide vital nodes in an overall network that is necessary if species are to be able to attain their responses to climatic change..." It looks obvious that under the pressure of climatic and land use changes a species with a wide niche has more probability to "survive" than a species with a narrow niche. In this paper I use the description of the habitats as it is done for mapping purposes in the project IMN (Angelini et al. 2009) , with the aim to get rough measures of the climatic niche width of heath species characterizing the heathlands of Italy. The term heathlands indicates the habitats that are mainly of anthropogenic origin, dominated by heaths (Ericaceae) such as Calluna vulgaris (L.) Hull, spread in large areas of North-West and Central Europe on lowlands and hills, or dominated by species of the genera Rhododendron and Vaccinium on mountains (Angelini et al. 2009 ).
The anthropogenic heathlands had a very important role in the economy of human communities and they still characterize the cultural landscape of large areas with poor acidic soils and Altlantic climate, however they are suffering a decline owing to land abandonment and/or change in land use (see project HEATH: www.theheathproject.org. uk/news.html).
In Italy the extent of the anthropogenic heathlands on lowlands and hills was never so relevant as in other Northern countries of Europe (e.g. France, UK, Ireland, The Netherlands, Poland etc.), however in some parts of North Italy (Lombardy, Piedmont) it was big enough to impact the socio-cultural heritage (Giacomini & Fenaroli 1958; Andreis & Cerabolini 1995; Angiolini et al. 2007 ).
Source of Data: Habitats characterized by heath species of the IMN project
The handbook of habitats of IMN (Angelini et al. 2009 ) presents the list of habitats that can be mapped at scale 1:50,000 with the following information: -the Corine code and the name of the habitat, -the EUNIS code and the code of the Habitat Directive when available (DH), -the main syntaxon or syntaxa to which the vegetation types of the habitat are belonging according to the Braun Banquet approach (Mueller Dombois & Ellenberg 1974; Maarel 1975) , -a short description of the environment, -Corine code of subtypes of habitats included in the one that can be mapped, -indicator species ("guide" species). These may be just "indicator" or may correspond to the following categories: dominant species, with cover until 50%; codominant with cover less than 50%, but almost always present in the plant communities of the habitat; differential, i.e. capable to differentiate one habitat from at least another one; characteristic, namely the species present only in a vegetation type, -biogeographical region: Alpine, Continental, Mediterranean, -a rough indication of altitudinal belts (intervals in meters above sea level): coastal belt (0-50), lowland belt (0-350), hill belt (350-650), montane belt (650-1300), sub-Alpine belt (1300-1900), Alpine belt (1900-2400), top Alpine belt (over 2400), -diffusion in Italy: North Italy, South Italy, Central Italy, North-West Italy etc. and Italian islands. The list of the 32 habitats for which heath species are considered indicators is given in the Appendix. For each habitat I report only the information that is consistent in all the habitats, namely the Corine code, Eunis and DH code (Directive of Habitats 92/43EEC when present), the syntaxonomy of the plant communities, indicator species, altitudinal belt, biogeographic regions and diffusion in Italy.
Data and Methods
With the information of the IMN project (see Appendix) I constructed a binary data matrix X in which each habitat shows its belonging (1) to the sets defined by heath indicator species (species characterizing the habitats), to the sets defined by the altitudinal belts and to the sets defined by the biogeographic regions (0 indicate lack of belonging). I subdivided X into two sub-matrices: the matrix specieshabitats, S(21,32) and the matrix altitudinal belts (6) and biogeographical regions (3)-habitats, E(9,32).
Among the many possible ways to calculate the niche width (Pielou 1972; Hill 1973; Routledge 1979; Ludwig & Reynolds 1988) . I used the following formula:
where n i is the number of habitats belonging to the set defined by the i-th species,
where c i is the number of environmental classes occupied by n i habitats characterized by the i-th species, E is the total number of considered environmental classes. In this case E= 9 (6 altitudinal belts and 3 biogeographical regions). D i is the average dissimilarity between the n i habitats calculated considering their belonging to the E environmental classes. To obtain D i I used the complement of Jaccard's index, that is the ratio between the intersection and the union of two sets (Podani 1994 (Podani , 2000 . The maximum value of (c i /n i E) is 1, when all the n i habitats belong to all the environmental classes, the minimum value it is K/E, with K equal to the number of types of environmental classes (in this case 2, namely the class of altitudinal belts and the class of biogeographical regions). D i is ranging between 0 and 1, with 0 when the n habitats are belonging to the same combination of environmental classes and 1 when they are all belonging to different combinations. It follows that H i is ranging between 0 and 1. It actually is a factor correcting n i . In fact if the n i habitats would be completely different in their belonging to environmental classes, a relative measure of the niche width of an indicator species is just n i , it is is equal to 1 when all the n i habitats are equals in terms of their belonging to the E classes. W i is analogous to the number 1 of the Hill's series (Hill 1973) .
With the W i values I calculated the relative vulnerability (or the risk of threat) of the species with the formula:
In this case the relative vulnerability is maximum for a value equal to 1 and minimum for a value equal to 0. The relative vulnerability of the habitats are calculated by averaging the vulnerability of the indicator species:
where s is the number of indicator species of the j-th habitat (ha). The assumptions on which the above formulas are based are the following:
1 -The width of the climatic niche of an indicator species should be proportional to the number of different habitats that it characterizes and to the heterogeneity of such habitats (H) in terms of climatic variables. I want to stress that to "characterize" one habitat is different from "being present" in that habitat, to characterize a habitat means to have a significant ecological role in that habitat or, at least, to have a high probability to be found only there.
2 -The altitudinal belts and the bio-geographic regions are environmental classes that represent respectively micro and macro climatic situations.
3 -The climatic vulnerability of a species should be inversely proportional to the width of its climatic niche, it follows that the climatic vulnerability of the habitats should be proportional to the vulnerability of their indicator species.
4 -The cartographic scale of 1: 50,000 of IMN defines a framework of reference, an ontology, that is based on a set of roles that makes possible to map the habitats at the same scale. In this framework the habitats are supposed to be equivalent at least with respect the spatial scale and therefore in terms of their inherent environmental spatial heterogeneity. This equivalence makes comparable the species niche widths.
All the computations and data management were done with the program MATEDIT (Burba et al. 2008 ). Table 1 shows for each of the heath indicator species: the total number of habitats characterized by the indicator species combinations (Tha), the ratio between the number of heathlands and Tha (THe/Tha), the vulnerability index (V i ) calculated with formula 3, the niche width (W) calculated with formula 1, the relative vulnerability (V(ha)j) of habitats calculated with formula 4, and the minimal and maximal vulnerability given respectively by the V i of the least and the most vulnerable species of each habitat. The habitats in Table 1 are ordered according to a gradient of altitude, from the highest to the lowest one. 
Results

Discussion
The Italian Flora of Pignatti (1982) and the recent check list of Conti et al. (2005) indicate for Italy 33 heath species. Of these, according to Angelini et al. (2009) , 21 are considered habitat indicators. Different combinations of these 21 species characterize 32 different types of habitats that are mapped at scale 1:50,000 of IMN. Only 5 of these habitats are considered heathlands by Angelini et al. (2009) . They are presented in Table 1 (see Appendix for the code) arranged following a decreasing gradient of elevation, from Alpine belt to lowlands. According to IMN (Angelini et al. 2009 ), the habitats characterized by heaths located in the altitudinal belt corresponding to "coastal zone" (0-50 m.a.s.l) of Italy are not considered heathlands, but Mediterranean shrublands. Only 12 species out of the 21 give species combinations characterizing the five heathlands. The number of heaths species is higher in the habitats belonging to Alpine and sub-Alpine altitudinal belts (habitats 17 and 3 with respectively 6 and 8 heath species) while it is low (2 and 1 species) in the habitats belonging to lower altitudinal belts. The vulnerability of the types of heathlands (V (Ha)) calculated with formula 4 shows that the most vulnerable heatlands are those characterized by the joint presence of Kalmia procumbens and Rhodothamnus chamaecistus (Habitat number 4), namely those corresponding to the extreme habitat on mountain and sub-Alpine windy edges. The least vulnerable is the one characterized by the joint presence of Vaccinium myrtillus and Vaccinium gaultherioides (Habitat number 5) distributed in Continental and Mediterranean biogeographic regions and Montane altitudinal belt. The next vulnerable habitat, that however does not reach the 0.50 value of (V (Ha) ), is number 2, characterized by Calluna vulgaris. This is the habitat distributed on montane, hill and lowland altitudinal belts and in Alpine and continental biogeographic regions that corresponds to the heathland widespread in North and Central Europe. The habitats of the Alpine and sub-Alpine altitudinal belts and in Alpine and Continental biogeographic regions (Habitats number 17 and 3) have a relative low average vulnerability, however they contain the species with the highest vulnerability, respectively Moneses uniflora and Arctostaphylos alpinus.
The ratio (THe/Tha) indicates that actually only few species of the 12 species characterize exclusively heathlands, the majority of the species characterize also other habitats, mainly forests and woodlands (see Appendix). This parameter reinforces the idea that the conservation of heathlands is to be considered within the process of vegetation dynamics related to secondary and primary forests. The heathlands will have the possibility to survive in a process of climatic changes only if the habitats of protected areas are connected in a way to ensure the necessary plant dispersal and the related gene flow. In this respect I like to conclude this paper quoting again the views of Huntley (2007):... "Key challenges will include that of ensuring that the designation of sites as protected areas can be maintained, even when the original legal basis upon which their current designation rests may no longer exist because of inevitable changes in species' distributions and in the character of the ecosystems present. It also may often be the case that the management of a protected area required, on the one hand, to maintain maximal populations of rare or threatened species present therein so as to maximise their potential to achieve dispersal and range adjustment in response to climatic change, and on the other hand, to facilitate colonisation by dispersing propagules or offspring of species for which the area has become newly suitable as a consequence of climatic change, may conflict. In itself this is a strong argument for the substantial enlargement of existing protected areas, where this is possible, or for the addition of complementary areas to the network where enlargement of existing areas is not possible...".
Conclusion
In this paper I present the results of an exercise of data mining to show how information stored in data bases and/ or published in papers or books as "coded knowledge" can be useful to get new data for generating new information that can be useful for new purposes. For this exercise I used the information collected in the data bases of the project of Italian Map of Nature at scale 1:50,000, that constitutes a framework consistent with at least one spatial property of the habitats, namely their extent. I have chosen to use the "coded knowledge" of IMN at this scale to get some objective information about the vulnerability of the heath species and the habitats they characterize with respect to climate changes. The results offer parameters on which to base discussions for developing policy conservation strategies keeping in mind that the scale 1:50,000 defines habitat types at one hierarchical level that allows to map them at a "reasonable" extension. We can suppose that if one habitat can be mapped at scale 1:50,000 and it is represented by several polygons, its extent should be enough to guarantee its survival in case of gradual climatic changes and "reasonable" anthropogenic pressure, provided the habitats have the necessary connections to guarantee the migration of the species and their gene flow. The key point of future research is therefore to combine parameters of climatic vulnerability of species with parameters of connectivity between habitats, within and outside the protected areas. 
